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a b s t r a c t
Using a sample of English schoolchildren, we evaluate whether a change in school local area
environmental supportiveness between primary and secondary school is associated with changes in
active travel behaviours and physical activity levels. Participant's activity levels and travel behaviours
were recorded for a week during their primary school ﬁnal year and secondary school ﬁrst year.
Environmental supportiveness was evaluated using a Geographical Information System. Children
attending both a primary and secondary school with a more supportive local environment were more
likely to maintain active travel behaviours than those with less supportive environments. However, no
trends were apparent with change in school supportiveness and change in physical activity. Policies that
focus on the maintenance and uptake of active travel behaviours may help maintain children's physical
activity levels into adolescence.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Physical inactivity in children has been associated with poorer
cardiovascular risk proﬁles (Andersen et al., 2011) and mental
health status (Eime et al., 2013) in addition to its potential role in
the development of obesity (Janssen and Leblanc, 2010). Widely
accepted public health recommendations are that young people
should accumulate at least 60 min of moderate to vigorous
physical activity (MVPA) daily, but the majority of youth do not
meet these guidelines (Hallal et al., 2012). In addition to generally
low levels of physical activity, activity declines throughout adoles-
cence, with the mean percentage decline across each year esti-
mated to be approximately 7% from age ten (Dumith et al., 2011),
and with girls showing larger decreases than boys (Brodersen
et al., 2007). The reasons for this decline are poorly understood.
Active travel (walking and cycling to school) has been shown to
be a major contributor to overall physical activity in children and
adolescents, with cross-sectional studies showing that children
who actively travel to school accumulate between ﬁve and thirty-
seven more minutes of MVPA per day compared to those using
motorised transport (Lee et al., 2008; Faulkner et al., 2009;
Southward et al., 2012; Schoeppe et al., 2013). Relatively few
studies have described patterns of active travel throughout ado-
lescence, but data suggest that the proportion of youth actively
travelling is likely to decline (Pabayo et al., 2011) and that travel
behaviour tracks poorly, or not at all, though adolescence (Carver
et al., 2011). Change in travel mode to school has been associated
with changes in objectively measured physical activity, with two
UK longitudinal studies showing that adoption of active travel is
associated with increased physical activity over a 12 month period,
whilst change from active to passive travel is associated with a
substantial decline in MVPA (Cooper et al., 2012; Smith et al.,
2012). Similarly, Carver et al. (2011) found that amongst Australian
adolescents (10–12 years at baseline) who were followed-up after
three and ﬁve years, active travel was positively associated with
objectively measured MVPA. Thus the evidence suggests that
maintaining or initiating active travel behaviours is substantially
beneﬁcial for youth's physical activity, yet the maintenance of
these behaviours may not be stable throughout adolescence. A
better understanding of the factors driving patterns of change in
active travel and associated physical activity may therefore be
important to help design interventions to prevent the decline in
physical activity as children get older.
A number of cross-sectional studies have examined the biolo-
gical, social, cultural and environmental factors that are associated
with active travel in children (Panter et al., 2008; Pont et al., 2009).
Amongst these, there has been a focus on characteristics of the
home and school environments as well as the route between
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home and school. The school environment may be a particularly
important determinant of changes in physical activity when
children transition between schools. The environmental character-
istics of the school environment most frequently studied are
related to the road network, encompassing elements of both
safety and connectivity. For example, the presence of a main road
on the route to school has been seen to reduce the likelihood of
active travel (Timperio et al., 2006; Panter et al., 2010) as have less
connected routes with fewer intersections (Schlossberg et al.,
2006). Conversely the presence of sidewalks in school neighbour-
hoods and higher residential density have been associated with
increased odds of active travel (Dalton et al., 2011). There is
evidence from some studies that having parks, play areas, and
other recreation facilities in neighbourhoods is associated with a
higher prevalence of active travel in children (Pont et al., 2009),
and also that the presence of destinations for children to visit on-
foot may encourage active travel. For example, Cradock et al.
(2009) found that children attending schools with a higher
number of destinations in their vicinity undertook signiﬁcantly
more physical activity than those with fewer places to visit.
Recent years have seen rapid growth in the availability of evidence
from cross-sectional studies on the role of the home and school
environment as a potential determinant of children's active travel to
school. However, to our knowledge no studies have examined how, as
children transition between schools, changes in the supportiveness of
the local school environments for walking and cycling may be
associated with observed changes in the prevalence of active travel
behaviours and their associated physical activity levels. To address this
gap in the evidence base, we evaluated whether a change in local area
environmental supportiveness between primary and secondary school
was associated with changes in active travel behaviours and physical
activity levels amongst 518 children attending schools in the South
West of England.
2. Methods
2.1. Recruitment
This analysis utilised data from Phases 1 and 2 of the PEACH
(Personal and Environmental Associations with Children's Health)
project, collected between September 2006 and July 2009. For full
details on data collection see Cooper et al. (2012). In brief, a
sample of 1307 year 6 children (aged 10–11 years) attending 23
primary schools in the city of Bristol, UK, were recruited for study.
Approximately 12 months after baseline measurements were
recorded, each child was followed-up after transitioning from
primary to secondary school. In total, 953 children participated
in follow-up (72.9% of the original sample). A University Ethics
Committee approved the study, and written informed consent was
obtained from a parent/guardian of all participating children.
2.2. Measures
Children were asked to wear an accelerometer (Actigraph
GT1M; ActiGraph LLC, Pensacola, FL) at the waist for 7 days, set
to record their level of physical activity at 10 s intervals. In
addition, children completed a questionnaire at both baseline
and follow-up, where they were asked to report the mode of
travel that they usually used to and from school. Furthermore, the
residential postcode of each child was made available as was that
of the school they were attending.
2.2.1. Categorisation of environmental supportiveness
Measures of environmental supportiveness for walking and
cycling of the home (at baseline), school (at both baseline and
follow-up) and travel corridor between home and school (at both
baseline and follow-up) were computed for each child. Home and
school locations were mapped in a Geographical Information
System (ArcGIS 10.1; ESRI Inc.) based on the grid-references of
postcodes obtained using the Ordnance Survey Code-Point pro-
duct (Ordnance Survey, 2013a). Neighbourhoods around the home
and school locations were delineated based on distances along the
road network. For both the home and school neighbourhood we
chose the area within a 10 min walk (equivalent to 800 m) around
the postcode location. The travel corridor between home and
school was delineated based on the straight-line distance between
the two locations, which was subsequently buffered by a distance
of 300 m to turn the linear feature into a zone that was likely to
capture the environment through which children commute to
school. The travel corridor was then merged with the school
neighbourhood to produce a single measure that we call the
school commute environment.
For each school commute environment and home neighbour-
hood, three metrics to capture environmental supportiveness for
walking and cycling were generated using the GIS. The choice of
these metrics was based on both theoretical frameworks of the
drivers of children's active travel (e.g. Panter et al., 2008) as well as
evidence from the literature that they may be associated with
travel in children. The selected metrics covered the availability of
greener environments (hypothesised to support active travel (e.g.
Ehrenfeucht and McPherson, 2013)), the density of the road net-
work (high density was hypothesised to encourage active travel
due to the provision of a more connected network (e.g. Villanueva
et al., 2013)) and destinations to visit (with more destinations
hypothesised to encourage active travel (e.g. Carver et al., in press)).
Data on the presence of greener environments was obtained
from a satellite derived land cover map of Great Britain (LCM
2000) provided by the Centre for Ecology and Hydrology (2013).
This consisted of a digital map of 2525 m2 grid cells, each of
which was coded according to the principal land cover falling
within these cells. Those cells that were coded as being not urban
(categories covering woodland, farmland, grassland, uncultivated
land, beaches and marshes) were identiﬁed and coded as corre-
sponding to ‘greener environments’. The area of these greener
environments within the school commute environment and home
neighbourhood was then computed using the GIS and this was
converted into a percentage value.
In order to measure road density, the Ordnance Survey Meridian
1:50,000 scale digital road network was used (Ordnance Survey,
2013b). This provided information on all roads classiﬁed according
to road type. For the purpose of this analysis, motorways were
removed from the computation as these cannot be used for walking
and cycling. The density of the remaining roads within each neigh-
bourhood was computed by dividing the total road length in metres
by the area of the neighbourhood in metres squared.
The third metric concerned the density of places to visit within
the school commute environment and home neighbourhood.
Locations were identiﬁed using the Ordnance Survey Points of
Interest dataset (Ordnance Survey, 2013c), which provides infor-
mation on the location of all commercial premises derived from a
commercial directory. For the purpose of this analysis, types of
destinations that children were likely to visit either alone or with
adults were identiﬁed. These covered the broad categories of
food (e.g. cafes, fast food takeaway outlets, food shops), leisure
(e.g. playgrounds, sports facilities, amusement parks), and retail
(e.g. clothing, general stores, bookstores), the locations of which
were identiﬁed and mapped. The number of these facilities falling
within each neighbourhood was then summed and divided by the
area of the neighbourhood to produce a density measure.
In order to derive an indicator of overall supportiveness for
each school commute environment and home neighbourhood, the
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three metrics were combined into an index. This was produced by
converting each of the three distributions of values into standard
scores (Z-scores) by subtracting the mean and dividing by the
standard deviation. These scores were then summed in order to
provide an overall combined score. This was used to categorise the
neighbourhoods at baseline and follow-up; those with a score
above the median were classiﬁed as “more supportive” whilst
those falling below the median were classed as “less supportive”.
2.3. Analyses
Children were excluded from analyses if they failed to provide
at least 3 hours of valid accelerometer data accumulated outside of
school between 8 am-9 am plus 3 pm-10 pm, after non-wear time
was removed (identiﬁed by runs of 60 minutes of continuous
zeros), on two separate days at both baseline and follow-up
(n¼290). Children moving home between the two measurement
occasions were also excluded (n¼19) as were those who did not
provide a valid postcode (n¼6). From the remaining children,
4 did not provide information on travel mode. Participants were
categorised according to whether they actively travelled (foot,
bicycle) or not (car, bus), and only those who travelled to and from
school using the same category (active vs. not) were included in
the sample, leading to the exclusion of a further 116 children who
used a different mode in the morning and evening. This left a ﬁnal
sample size of 518 children for analysis.
For the purpose of this analysis we were interested only in
physical activity measured on school days and in the periods
during which the children were likely to be outdoors but not at
school. These included the commute to school period in the
morning (8–9 am) and the commute home from school period in
the afternoon (3–4 pm). As it has been hypothesised that children
might compensate for higher levels of physical activity during the
day, such as that associated with a change from passive to active
travel (Frémeaux et al., 2011), we also examined changes in
physical activity during the evening (4–10 pm).
2.3.1. Measurement of change between baseline and follow-up
In order to measure the change in physical activity between
primary and secondary school, the average counts per minute
(cpm) recorded at baseline for each of the three time periods
(commute to school, commute home, and evening) was subtracted
from that recorded at follow-up, and these were used as the
primary outcome variables for analysis.
As only children who did not move home were included in the
analysis, supportiveness of the home environment was measured
at baseline only. All of the children changed school between
baseline and follow-up, hence a variable was created that mea-
sured this change. This was calculated by taking the score for the
environmental supportiveness index for each child's primary
school commute environment and subtracting it from the score
for their secondary school commute environment. Where the
difference between the two scores was small (within the range
0.5–0.5) supportiveness was considered ‘unchanged’ between
baseline and follow-up. Any children in this category who had a
more supportive primary school were coded as ‘Stays the same:
more supportive’, whereas children with a less supportive primary
school were classed as ‘Stays the same: less supportive’. Where the
difference between the two scores was positive and greater than
0.5, children were coded as ‘Changes from less to more suppor-
tive’. All remaining children were coded as ‘Changes from more to
less supportive’.
Change in mode of travel to school was assessed by comparing
the mode stated at baseline with that provided at follow-up. Using
this information children were classiﬁed according to whether
they were active travellers at both time points, passive at both
points, or changed from an active to passive mode or vice-versa. As
change in distance travelled to school might be a driver of change
in travel mode, we computed the road distance from home to both
primary and secondary school for each child and from this derived
change in estimated commute distance by subtracting the distance
to primary school from that to secondary school.
2.4. Statistical modelling
The association between change in school commute environment
supportiveness and change in reported travel mode was examined by
the calculation of Pearson's Chi-Squared statistics. The association
between change in school commute environment supportiveness and
changes in physical activity between the baseline and follow-up were
examined by the use of multiple regression models. Because the
change in activity counts per minute was found to follow a normal
distribution, Ordinary Least Squares (OLS) models were used. As
children were clustered within schools, yet each child attended more
than one school, multiple membership random coefﬁcients models
with children nested within schools were ﬁtted to account for non-
independence of outcomes associated with school attended at both
baseline and follow-up (Goldstein et al., 2007). In each model the
outcome was the absolute change in counts per minute between the
baseline and follow-up, with the baseline value being ﬁtted as a
covariate. In addition, total accelerometer wear time at follow-up in
each period was added to the models as a potential confounder to
control for the fact that recorded activity intensity may be associated
with wear time. Indeed wear time was found to be associated with a
number of the primary exposures and outcomes in testing. In addition
we included change in estimated distance travelled to school in all
models to account for it being a possible driver of change in travel
mode and hence recorded physical activity during the commute
period. As there is evidence that children's physical activity can be
inﬂuenced by daylight (Goodman et al., 2012) the number of minutes
of daylight between 4 pm and sunset were determined from standard
tables and additionally included as a covariate in the models of
evening activity. Age and sex were not adjusted for as they were
found to not confound the associations examined.
Separate models were ﬁtted for the three time periods during
each day, with an additional model covering all periods combined.
We hypothesised that any recorded change in physical activity
between baseline and follow-up might be associated with the
travel mode that children used. For example, a more supportive
secondary school environment may encourage children to take up
walking or cycling. Therefore the regression models were further
stratiﬁed by travel mode change categories. In addition to these
school commute environment models, we ﬁtted an additional set
of models stratiﬁed by home neighbourhood supportiveness and
travel mode. Differences in model coefﬁcients between travel
modes were assessed for statistical signiﬁcance using an Analysis
of Variance for summary statistics post-hoc test.
In order to examine if our choice of distance bands for the
neighbourhood and travel corridor delineations had an impact on
our conclusions, a sensitivity analysis was undertaken whereby
the regression models were re-ﬁtted using exposure measures
generated from neighbourhoods with a larger and smaller buffer.
Our ﬁndings did not differ substantively from the use of smaller
and larger buffers, so we only present our main set of results here.
3. Results
The characteristics of the sample are given in Table 1. There was no
difference in total physical activity between primary and secondary
school overall. Whilst there was a statistically signiﬁcant difference
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between boys and girls, the magnitude of the difference was very
small. In total, just under a third of the sample experienced a more
supportive environment when transitioning between schools, with
environmental supportiveness being classiﬁed as unchanged amongst
39% of the sample. Only 34% of children reported a different mode of
travel to secondary school compared to that used to primary school.
Differences between boys and girls were not large, and thus further
analyses were not stratiﬁed by sex.
The prevalence of walking to school in the sample was high. At
primary school, 408 (79%) children walked, this ﬁgure falling to
300 children (58%) at secondary school. The prevalence of cycling
was under 4% with just 18 children cycling to primary school and
15 cycling to secondary school. In total 88 children (17%) were
driven to primary school and 103 (20%) to secondary school. The
remaining children took the bus or train.
Table 2 shows the association between the categories of change
in school commute environment supportiveness and change in
travel mode between primary and secondary school. Overall we
found a statistically signiﬁcant association between the two
measures (Pearson X2 34.0, po0.001). Examination of the magni-
tude of standardised residuals from the X2 Table suggested that
children attending schools in the less supportive category at both
baseline and follow-up were more likely than expected by chance
to be passive travellers at both time points (standardised residual
2.8). This group were also less likely than expected by chance to be
active travellers (standardised residual 2.1). In total, 63.9% of
those attending primary and secondary schools with more sup-
portive commute environments remained active travellers at both
time points, compared to just 40.3% of those attending schools
with less supportive environments. Similarly, just 21.7% of those
with more supportive environments at primary and secondary
school transitioned from active to passive travel, compared to
32.8% of their counterparts in the less supportive category on both
occasions. No clear picture emerged from the children who
changed school commute environment supportiveness.
Table 3 shows the change in physical activity between primary
and secondary school according to change in school commute
environment supportiveness and travel mode. As previously
reported in this sample (Cooper et al., 2012), those children who
undertook active travel to secondary school, irrespective of their
travel mode at primary school, experienced an increase in physical
activity during the commuting time periods (8–9 am and 3–4 pm),
although these increases were only statistically signiﬁcant for
those actively travelling at both time periods. Passive travellers
consistently decreased during these time slots. However, there
was no evidence of a trend with change in school commute
environment supportiveness in either time period. In the evening
(4–10 pm), almost all of the children experienced a decline in
physical activity, and no trends with school commute environment
supportiveness or change in travel mode were apparent.
Table 4 shows change in physical activity between primary and
secondary school according to home neighbourhood supportiveness
Table 1
Characteristics of the sample for personal attributes, physical activity, home neighbourhood supportiveness, change in school commute environment supportiveness, and
change in travel mode to school.
Sample characteristics Overall (n¼518) Boys (n¼229) Girls (n¼289)
Personal attributes
Age (yrs) at primary school (mean, 95% CI) 10.9 (10.9, 11.0) 10.9 (10.9, 11.0) 10.9 (10.9, 11.0)
Age (yrs) at secondary school (mean, 95% CI) 12.0 (12.0, 12.1) 12.0 (12.0, 12.1) 12.0 (12.0, 12.1)
Ethnicity non-white vs. white (n, %) 60 (11.9%) 32 (14.0%) 28 (9.7%)
Physical activity
Daily counts per minute at primary school (mean, 95% CI) 674.2 (651.7, 696.7) 726.9 (689.4, 764.3) 632.3 (605.7, 658.9)
Daily counts per minute at secondary school (mean, 95% CI) 673.9 (651.9, 696.0) 724.1 (688.1, 760.1) 634.0 (607.4, 660.7)
Supportiveness of home neighbourhood
More supportive vs. less (n, %) 259 (50.0%) 110 (48.0%) 149 (51.6%)
Change in school commute environment supportiveness between primary and secondary
Stays the same: more supportive (n, %) 83 (16.0%) 33 (14.4%) 50 (17.3%)
Changes from less to more supportive (n, %) 155 (29.9%) 62 (27.1%) 93 (32.2%)
Changes from more to less supportive (n, %) 161 (31.1%) 83 (36.2%) 78 (27.0%)
Stays the same: less supportive (n, %) 119 (23.0%) 51 (22.3%) 68 (23.5%)
Change in travel mode to school between primary and secondary
Stays the same: active (n, %) 283 (54.6%) 127 (55.5%) 156 (54.0%)
Changes from passive to active (n, %) 32 (6.2%) 15 (6.5%) 17 (5.9%)
Changes from active to passive (n, %) 143 (27.6%) 62 (27.1%) 81 (28.0%)
Stays the same: passive (n, %) 60 (11.6%) 25 (10.9%) 35 (12.1%)
Table 2
Summary of the number of children in each school commute environment supportiveness change category by change in travel mode to school. Values are n (%).
Change in travel mode to school Change in school commute environment supportiveness
Stays the same: more
supportive
Changes from less to more
supportive
Changes from more to less
supportive
Stays the same: less
supportive
Stays same: active 53 (63.9%) 72 (46.5%) 110 (68.3%) 48 (40.3%)
Changes from passive to active 5 (6.0%) 11 (7.1%) 8 (5.0%) 8 (6.7%)
Changes from active to passive 18 (21.7%) 52 (33.5%) 34 (21.1%) 39 (32.8%)
Stays same: passive 7 (8.4%) 20 (12.9%) 9 (5.6%) 24 (20.2%)
Total for column 83 (100.0%) 155 (100.0%) 161 (100.0%) 119 (100.0%)
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and change in travel mode to school. Again, those children who
undertook active travel to secondary school, regardless of their
primary school travel mode, increased physical activity during
the commuting periods, whilst passive travellers decreased during
these time periods. However, there was no evidence of a trend with
home neighbourhood supportiveness. In the evening, nearly all of the
children saw a decline in physical activity, although no trends with
home neighbourhood supportiveness or change in travel mode were
apparent.
4. Discussion
The present analysis conﬁrmed our previous observation that
among a sample of 10–11 year old schoolchildren from the English
city of Bristol, changes in the volume of physical activity under-
taken between when children attended primary school and when
they had transitioned to secondary school were strongly asso-
ciated with the travel mode that children used to get to and from
school (Cooper et al., 2012). Children who used active travel to
secondary school, irrespective of their primary school travel mode,
experienced an increase in physical activity during commuting
times, whilst passive travellers consistently decreased. Building on
these previous ﬁndings, we investigated whether observed
changes in travel mode and physical activity were associated with
the environmental supportiveness of the local areas around schools.
We found that children attending both a primary and secondary
school with a more supportive local environment were more likely to
maintain active travel behaviours and were less likely to transition
from an active to passive mode than their counterparts in less
supportive environments. However, we found no trends with change
in school commute environment supportiveness or home neighbour-
hood supportiveness for the commute periods. In the evening, almost
all of the children experienced a decline in physical activity. Our
ﬁndings therefore suggest that the predominant inﬂuence on chil-
dren's physical activity, at least during the commute to and from
school in term time, is the travel mode that children use, whilst our
ﬁndings in Table 2 provide some evidence that this may be associated
with long-term exposure to more or less supportive environments at
primary and secondary school. Changes in physical activity however
appear to be associated with factors other than area environmental
supportiveness, at least when measured using the metrics we chose.
There are a number of possible explanations for our null-ﬁndings
regarding associations with changes in the school environment. Firstly,
most of the existing evidence comes from cross-sectional studies where
causality is difﬁcult to determine (e.g. Schlossberg et al., 2006; Timperio
et al., 2006; Panter et al., 2010; Dalton et al., 2011). Thus it is not possible
to determine whether observed associations are causal or are instead
confounded by other unmeasured characteristics associated with, for
example, the structure of families living in certain areas. In children of
this age it is likely that parents will be important decision makers
regarding the mode of transport used for commuting, and we know
that parental attitudes and modes of travel to work are a strong
inﬂuence on these choices (Zuniga, 2012). Hence it may be that these
factors are more important than changes in environmental supportive-
ness. Another possibility is that travel patterns are habitualised when
children are at primary school and are thus not changed by an
improvement or worsening in environmental supportiveness, or at
Table 3
Change in physical activity (cpm) between primary and secondary school according to change in school commute environment supportiveness and change in travel mode to
school. Values are mean and 95% CIs for change in weekday physical activity per child. The values have been adjusted for baseline physical activity, follow-up wear time,
change in distance to school between baseline and follow-up, and minutes of daylight between 4 pm and sunset.
Change in travel mode to school Change in school commute environment supportiveness Difference
between
school change
categories
Stays the same:
more supportive (n¼83)
Changes from less to
more supportive (n¼155)
Changes from more to
less supportive (n¼161)
Stays the same:
less supportive (n¼119)
All times: 8–9 am and 3–10 pm
Overall þ15.8 (53.1, 84.7) 35.1 (93.0, 22.9) þ17.5 (40.8, 75.8) 32.4 (95.4, 30.6) p¼0.462
Stays same: active þ166.1 (87.4, 244.9)nnn þ141.0 (76.6, 205.4)nnn þ164.5 (102.8, 226.2)nnn þ185.8 (111.9, 259.7)nnn p¼0.880
Changes from passive to active þ136.8 (62.6, 336.3) 15.6 (173.8, 142.5) þ105.3 (70.4, 281.0) þ118.8 (76.3, 313.9) p¼0.597
Changes from active to passive þ23.4 (109.0, 155.7) 63.0 (173.0, 46.9) þ4.3 (107.6, 116.2) 162.5 (281.2, 43.8)nn p¼0.179
Stays same: passive 136.8 (267.1, 6.5)n 96.0 (187.6, 4.4)n 49.6 (174.8, 75.5) 76.2 (154.8, 2.5) p¼0.831
Difference between travel mode categories p¼0.032 po0.001 p¼0.033 po0.001
Morning commute: 8–9 am
Overall þ49.5 (79.5, 178.5) þ42.6 (70.9, 156.0) þ85.3 (30.5, 201.1) þ86.2 (34.5, 207.0) p¼0.932
Stays same: active þ366.9 (192.4, 541.4)nnn þ344.6 (190.1, 499.2)nnn þ391.2 (228.4, 554.1)nnn þ445.0 (274.7, 615.2)nnn p¼0.843
Changes from passive to active þ140.5 (252.3, 533.4) þ111.5 (204.4, 427.3) þ269.7 (99.5, 639.0) þ272.3 (91.2, 635.9) p¼0.878
Changes from active to passive 46.0 (194.5, 102.4) 134.6 (264.0, 5.2)n 81.1 (214.1, 51.9) 162.3 (301.1, 23.5)n p¼0.745
Stays same: passive 176.7 (392.9, 39.4) 210.2 (353.6, 66.8)nn 120.1 (309.0, 68.7) 113.8 (248.2, 20.5) p¼0.773
Difference between travel mode categories p¼0.014 po0.001 p¼0.008 po0.001
Afternoon commute: 3–4 pm
Overall þ73.4 (102.5, 249.3) þ80.5 (80.4, 241.4) þ142.7 (21.4, 306.7) þ81.8 (86.5, 250.1) p¼0.927
Stays same: active þ462.5 (232.4, 692.7)nnn þ463.1 (254.4, 671.8)nnn þ517.7 (301.2, 734.3)nnn þ518.6 (292.9, 744.3)nnn p¼0.975
Changes from passive to active þ504.1 (42.4, 965.8)n þ292.6 (68.7, 653.8) þ461.4 (31.5, 891.4)n þ397.6 (33.9, 829.1) p¼0.902
Changes from active to passive 58.5 (252.5, 135.5) 95.1 (264.9, 74.7) 17.6 (193.7, 158.4) 132.9 (317.1, 51.3) p¼0.848
Stays same: passive 246.4 (465.9, 26.9)n 133.9 (274.2, 6.5)n 101.9 (310.9, 107.0) 89.7 (226.9, 47.5) p¼0.730
Difference between travel mode categories p¼0.015 po0.001 p¼0.027 po0.001
Evening: 4–10 pm
Overall 38.7 (100.1, 22.6) 91.6 (140.6, 42.6)nnn 45.7 (93.0, 1.6) 103.7 (157.0, 50.4)nnn p¼0.243
Stays same: active 13.4 (101.9, 75.1) 47.8 (120.0, 24.4) 22.3 (95.1, 50.5) 19.8 (103.1, 63.4) p¼0.943
Changes from passive to active þ50.2 (151.4, 255.4) 162.7 (320.3, 5.2)n 22.7 (203.5, 158.1) 33.2 (231.7, 165.3) p¼0.447
Changes from active to passive þ46.4 (122.9, 215.7) 50.4 (189.6, 88.7) þ38.1 (103.8, 179.9) 174.8 (324.8, 24.7)n p¼0.194
Stays same: passive 119.6 (280.7, 41.5) 91.5 (200.4, 17.4) 36.5 (185.4, 112.4) 107.7 (200.6, 14.9)n p¼0.873
Difference between travel mode categories p¼0.686 p¼0.796 p¼0.875 p¼0.232
Tests for change different from zero:
n po0.05.
nn po0.01.
nnn po0.001.
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least not a change of the magnitude typically observed amongst
children in this study. Indeed, the fact that all our children were drawn
from the same large urban area may mean that the heterogeneity in
types of environment that children were exposed to was not large
enough to precipitate any change, a possibility supported by the fact
that only 34% of our children changed travel mode between baseline
and follow-up. Although Carver et al. (2011) did not ﬁnd strong
evidence of tracking in their sample of children, the follow-up period
in that study (up to 5 years) was much longer than ours. Another
possible explanation for our null ﬁnding is that wemeasured children at
follow-up within a year of changing school and it might be that this
time period was insufﬁcient for any changes to be operationalised.
Indeed theories of behavioural change suggest that individuals
may need to go through a number of stages associated with the
formulation and implementation of attitudes and beliefs before actually
undertaking changes, and this whole process takes some time (Biener
and Abrams, 1991).
Our study has a number of strengths and weaknesses. In terms of
strengths, we used a large well-characterised sample, adopted a long-
itudinal design, and also measured physical activity objectively using
accelerometers. We also adjusted for potential biases associated with
follow-up, such as the time that the children wore their accelerometer
and the hours of daylight remaining after school. We chose to present
measures of overall physical activity, based on accelerometer counts,
rather than moderate to vigorous physical activity (MVPA). This
provides a continuous measure of activity that is not dependent on
the selection of cut points, around which there is a lack of agreement
(see Bornstein et al., 2011).
In terms of study weaknesses, we had to exclude a relatively
large percentage (30.4%) of our available sample who took part in
follow-up due to the fact that they did not provide sufﬁcient valid
accelerometer data, although the implication of this was that our
measures of physical activity change were robust. However, due to
our limited ﬁnal sample size, we were not able to investigate
interactions between home and school environmental supportive-
ness. It may be, for example, that the school environment is less
important in promoting active travel for those children who live in
a supportive home neighbourhood. Because only around a third of
our cohort changed their travel mode between baseline and
follow-up, the number of children falling within some of our
categories of change, particularly those associated with children
changing from passive to active travel modes, was small and this
may limit our ability to detect statistically signiﬁcant associations.
In our analysis, travel mode to school was self-reported and based
on the usual mode of travel rather than that speciﬁcally taken on a
given day. Nevertheless, in another study of children we found
that the usual mode of travel, as measured by our question,
corresponded to the actual mode used on 86% of journeys
(Harrison et al., 2014). This high agreement rate gives us con-
ﬁdence in our ﬁndings. In our sample under 4% of children cycled
to school meaning we were not sufﬁciently powered to examine if
associations amongst these children differed from those for walk-
ers. Whilst our baseline sample of children was selected so as to be
representative of the population of the city, we found more
children reported walking to school in the sample compared to
national ﬁgures (73% vs. 50% in primary school and 55% vs. 38% in
Table 4
Change in physical activity (cpm) between primary and secondary school according to home neighbourhood supportiveness and change in travel mode to school. Values are
mean and 95% CIs for change in weekday physical activity per child. The values have been adjusted for baseline physical activity, follow-up wear time, change in distance to
school between baseline and follow-up, and minutes of daylight between 4 pm and sunset.
Change in travel mode to school Home neighbourhood supportiveness Difference between home
neighbourhood supportiveness
categoriesMore supportive (n¼259) Less supportive (n¼259)
All times: 8–9 am and 3–10 pm
Overall 14.7 (68.7, 39.3) 6.8 (60.8, 47.1) p¼0.840
Stays same: active þ155.8 (94.7, 216.8)nnn þ164.8 (106.7, 222.9)nnn p¼0.848
Changes from passive to active þ110.0 (67.8, 287.7) þ56.2 (89.0, 201.5) p¼0.673
Changes from active to passive 60.5 (153.7, 32.6) 42.6 (139.5, 54.2) p¼0.804
Stays same: passive 95.4 (184.6, 6.3)n 82.7 (146.4, 19.0)n p¼0.818
Difference between travel mode categories po0.001 po0.001
Morning commute: 8–9 am
Overall þ72.9 (34.1, 179.9) þ66.5 (40.4, 173.4) p¼0.934
Stays same: active þ432.5 (291.6, 573.5)nnn þ341.2 (198.1, 484.2)nnn p¼0.407
Changes from passive to active þ124.8 (194.8, 444.3) þ239.6 (49.1, 528.3) p¼0.643
Changes from active to passive 125.5 (237.2, 13.8)n 89.1 (205.2, 27.0) p¼0.674
Stays same: passive 171.0 (306.5, 35.5)n 141.9 (261.5, 22.3)n p¼0.763
Difference between travel mode categories po0.001 po0.001
Afternoon commute: 3 pm-4 pm
Overall þ89.0 (67.8, 245.9) þ120.6 (35.9, 277.2) p¼0.780
Stays same: active þ498.1 (308.8, 687.4)nnn þ487.7 (294.1, 681.2)nnn p¼0.944
Changes from passive to active þ287.5 (93.9, 668.9) þ445.3 (134.5, 756.0)nn p¼0.563
Changes from active to passive 79.2 (229.0, 70.6) 63.3 (216.4, 89.8) p¼0.890
Stays same: passive 159.2 (299.9, 18.4)n 117.0 (227.7, 6.3)n p¼0.649
Difference between travel mode categories po0.001 po0.001
Evening: 4–10 pm
Overall 74.7 (113.3, 36.1)nnn 68.6 (107.9, 29.3)nnn p¼0.829
Stays same: active 35.9 (105.6, 33.8) 18.7 (85.6, 48.2) p¼0.749
Changes from passive to active þ5.9 (166.2, 178.0) 100.3 (248.1, 47.5) p¼0.409
Changes from active to passive 44.5 (163.5, 74.6) 26.4 (150.4, 97.5) p¼0.844
Stays same: passive 110.4 (213.2, 7.5)n 82.7 (156.9, 8.5)n p¼0.666
Difference between travel mode categories p¼0.886 p¼0.772
Tests for change different from zero:
n po0.05.
nn po0.01.
nnn po0.001.
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secondary school), with proportionately fewer travelling by car or
bus (for national ﬁgures see Department for Transport, 2010). In
our analysis we were not able to control family socio-economic
circumstances (SES) because only 46% of parents provided infor-
mation on their highest education qualiﬁcation or household
income. We did calculate a measure of area SES (English Index of
Deprivation (IMD)) scores based on the home postcode of the
child. However, when this was included in our regression models
it did not reach statistical signiﬁcance and did not inﬂuence the
magnitude or statistical signiﬁcance of the coefﬁcients associated
with change in environmental supportiveness.
Whilst a strength of our study is the use of objective environ-
mental measures that were based on theory and evidence of
possible importance in the literature, it may be that the indicators
we chose were not pertinent to the behaviours of interest. Further
we combined our indicators into a single index which limits our
ability to describe associations with any single environmental
component. Whilst the measures we chose were all statistically
signiﬁcantly correlated with each other, we did repeat all our
analyses using each of the three environmental measures sepa-
rately (results not presented), and our ﬁndings did not differ
substantially from those presented here.
In order to examine the supportiveness of the route between
home and school we delineated travel corridors that represented
the area through which children were likely to travel, rather than
attempting to deﬁne actual routes selected based on data from a
GPS. Whilst the measurement of actual routes might appear
preferable, a difﬁculty with this is that the route chosen might
be moulded by the environmental supportiveness of the environ-
ment for the chosen travel mode; children might not, for example,
walk the most direct route if they wish to avoid busy streets or
frequent road crossings. Indeed this bias associated with selective
mobility has been highlighted in a number of studies using GPS
and Chaix et al. (2013) have recently argued that it may represent a
“step backwards” in the assessment of causal effects of environ-
mental exposures in physical activity research. Hence we argue the
delineation of travel corridors here is appropriate as it represents
the potential of the environment to support physical activity
behaviours.
In conclusion we found no consistent evidence that changes in
the supportiveness of the environment around the school and the
route between home and school due to the transition from
primary to secondary school were associated with changes in
physical activity amongst a sample of 10–11 year old English
schoolchildren. Our ﬁndings suggest that efforts to prevent
observed declines in physical activity amongst children should
focus particularly on the maintenance and uptake of active travel
behaviours.
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